Polar exploration history should easily capture a wide range of imaginations, and 'climate change' together with the anthropogenic component of its causes and consequences is a topic that is now discussed by ordinary people across the world. However, it is a large, multifaceted and highly complex concept to come to grips with, where the devil is often in the detail. Thus, it is no mean task to tell this story to an intentionally wide audience, but the authors have clearly tried hard to engage the reader -from those who might pick it up on a coffee table to the expert. I suspect that some with it on their coffee tables might end up occasionally having to ask borrowers for it back! Each time the text delves necessarily into complexity the casual reader is saved by down-to-earth explanations, and breaking chapters into very manageable chunks to allow thought. A nice touch is the simple but elegant line drawings that somehow seem to be as strong an image as a striking photograph, but are stylized enough to set the mind conjuring up what we can't see of the scene. Neverthless, the amount of detailed knowledge is considerable and casual readers will need to put the book down and go for a walk to clear their heads, especially in the middle chapters.
Again, rescue is at hand as the reader heads into an intricate dissection of human influences, future climate and a genuinely riveting chapter on the forecasting of multiple consequences. The figures are staggering and would have been hard to imagine just a few decades ago, but then the human population of our planet has doubled in my lifetime, whole valleys have appeared where there used to be glaciers, arctic sea ice has halved and global sea level has risen by 10 cm. It is often hard for people to take in consequences of processes and actions because of their scales in time and space, but here, it is easy for any reader to put a ruler up to graphs of actual data to see how the planet has changed in their lifetime. I remember learning at primary school that 0.033% of air was this gas called CO 2 -now my children are learning for their exams that it is about 0.040%. The graphs presented by the book allow the reader to look back in time at how much change in global temperature resulted from such 'small' changes in CO 2 . Of course, a level as high as 4 ppm can't be found on any of the graphs of actual data; we are breaking new ground. Just 250 years ago our state of exploring our "fragile ball turning in the immensity of the universe" led the polar pioneer James Cook to declare that "no continent [referring to Antarctica] exists, unless it is…out of reach." From the discovery of the polar regions, The White Planet takes the reader on a breathtaking journey through what we have learnt from the vast archive of Earth's history that the ice spy has stored, and what this means for our future. As has concluded the UN, the authors make the case that "the destiny of polar regions is crucial for the planet," but I wonder how many readers of the "what we must do" and conclusions really think that action will even approach levels necessary. The authors admit doubt that, despite much data, models and political discussion, current action taken will be enough to prevent a global rise in temperature reaching or exceeding 2°C. I think most readers would guess that the authors are trying to keep an upbeat message while probably being fairly convinced that other priorities will occupy more of our policy-makers' time and effort. It is great to live in an era when we have pushed the boundaries of knowledge so far and when we understand so much about cause and effect, but our childrens' era will be one of learning how effective we can be at using that knowledge. 
Q & A
Do you have a scientific hero? Niko Tinbergen. Tinbergen was one of the founding fathers of the modern study of animal behavior. He showedthrough careful observation and simple field experiments -how significant, and sometimes unanticipated findings could be made about the behavior of animals. I'm old, but not old enough to have met him. I regret that I never had the chance. It surely would have been incredibly instructive to have been able to watch animals in the wild with him. Tinbergen's writings, especially his book Curious Naturalists, had an important influence on me as a student. Reading it forces one to wonder about the natural world. In a seminal paper, On the aims and methods of ethology, Tinbergen notes that we can ask distinctly different sorts of questions about animal behavior. None of these questions takes priority. They are simply different ways of looking at the same thing. Tension sometimes exists between molecular and organismal biology, and disputes occasionally erupt as a consequence. I often think that much of this could be avoided if we needed the clear message in this paper. Also, my postdoctoral mentor, Peter Marler, looms large as an important figure. Peter was first and foremost a remarkable scientist, who made ground-breaking discoveries in animal vocal communication, and he was a role model of how to operate as a scientist. One lesson I learned from him is how to deal with colleagues who don't share your views. Don't get involved in unproductive arguments. Instead, design a study and publish a paper that reveals your side of the story. Be positive and productive! What advice would you give to someone starting out in field research? There are several vagaries associated with field work. Field sites are remote and difficult to get to. Working in isolated areas means that one must do without many of the comforts of home. We are guests in foreign countries and have to abide by their laws and customs. As I've aged and now wake up with aches and pains that weren't there 20 years ago, I realize that field work can be physically demanding. And if all of this weren't enough, our study subjects aren't always cooperative. Upon encountering humans for the first time, most wild primates run away! Habituating these animals to human presence can take months and sometimes years. Given all of this, the first piece of advice is: "Be patient!" And try to be more patient than I am -as my students and wife can amply attest. Patience is important for other reasons. I study wild apes, who live a long time. Because of this, collecting data to test even the simplest hypothesis can require extraordinary effort. Results are bound to come in slowly. Working with wild animals in uncontrolled settings means that things are not likely to go according to plan. You can design an elegant study or field experiment, but your study subjects may not cooperate. If this happens, what do you do? Be patient and adapt to the situation. Watch your subjects closely, and the animals are likely to tell you their stories. Because of all of this, I often tell students that an important rule for a field worker is to be opportunistic. Finally, don't be afraid to think out of the box. In any biological field of study, there's a lot to learn and to absorb. Advances are frequently made, though, when someone is able to bring new ways of thinking to old problems, instead of building on the edifice that already exists. Today, I find it most rewarding to attend meetings where I interact with and talk to others outside my limited area of study. This forces me to view the world in different ways and think about matters in a manner that I may not have been aware of. Do you have any thoughts about scientific publishing? I've spent some time serving as the editor of and on the editorial boards of journals. So, I handle several papers prior to publication and have become acutely aware of the crisis that plagues the peer-review system. It's quite difficult to get people to review papers. It's a classic cooperation problem. For better or worse, folks need incentives to do things. And many of my colleagues appear to believe that there's nothing to gain by reviewing papers. If one says no, what consequences are there to pay? None that are obvious, save for the fact that you will be known as someone who refuses to review papers in which case you will no longer be asked. So, we've created a system where people can take a pass and free ride. Meanwhile, good citizens who agree to review set up a positive feedback loop for themselves and will get asked again and again to review. As the requests pile up, sooner or later one must say no.
What can be done? I'm not sure that there are any easy answers. What I hope readers will recognize, though, is that if we all pitch in and do our part, we will, as a group, come out ahead. The strength of any discipline will be measured by the quality of its publications. Anything that we can do as individuals to guarantee that only the best work is published will surely help move a field in the right direction.
What do you like most about your research? I think that we can learn a lot about the biological world through simple observation. Happily, the thing that I enjoy most is watching animals in the field. I'm actually quite stunned to find myself still doing this after all these years. Some the most dramatic findings that we've made about the behavior of long-lived primates have come from observations that have been painstakingly accumulated over many years of study. These data are now being mined to furnish insights into fundamental questions, such as who reproduces, who doesn't, and why. One thing that I fear, though, is that some of those who are mining these data are becoming increasingly detached from the subjects of study; they spend scant time in the field with the animals. I remain committed to field work, in part because it refreshes me and I thrive under the conditions. But I also strongly believe that there's no better way to develop hypotheses and gain insights into the behavior of animals than to try to step into their shoes and watch them.
You recently helped make a movie about chimpanzees. What did you learn from that? When science meets Hollywood, science loses.
That's interesting. Care to elaborate?
Part of the problem in trying to make a movie about real animals is that they aren't actors. You can write a script -and there was one -but the chimps didn't always follow it! So, like a good field worker, one had to adapt as the film footage came in and the story line changed. In this day and age of global warming, disease pandemics, and the like, it's essential for biologists to reach out to the general public and communicate what we are learning. What better way to do this than via the silver screen? So when the producers approached us saying that they wanted to make a film about chimpanzees that would adhere to the science and what we know about them, it was a no-brainer to sign on. In retrospect, I was a bit naïve to believe this. In biology, we learn that there are always trade-offs in life. There were cases where telling a good story that will sell in theaters clashed with our scientific understanding of chimpanzees. In these situations, artistic license was favored. At the end of the day, I understand and can live with the decisions that were made, as science doesn't always make for great entertainment.
What is the biggest challenge in your field? As I look back on my career, I realize how lucky I have been. Back in the late 1970s when I began my research on apes, the field was wide open. Scant work had been conducted, funds to conduct field work were flowing, and populations of apes were seemingly everywhere to investigate. All of this has changed. Several longterm field studies of apes have been carried out and continue to this day. We live in a molecular and biomedical age, where an increasingly large part of the funding pot goes to things other than studies of animal behavior and field research. Primates today are endangered everywhere. Habitat loss, hunting, and recurrent outbreaks of infectious disease have decimated large populations of primates across the globe. Sadly, the biggest challenge is to ensure that there will be something to study in the future.
University of Michigan, Department of Anthropology, 1085 South University Avenue, Ann Arbor, Michigan 48109-1107, USA. E-mail: mitani@umich.edu odds ratio is two, the increase in risk is twofold. Typical GWAS odds ratios are about 1.1-1.2. For quantitative traits, such as height or weight, the size of the effect is usually expressed as a percentage of the phenotypic variance attributable to the locus. For example, if half the variability in height in a population is due to alleles at one locus, then the locus' effect size would be 50% Typical values are about 0.05%. While the sample size required to detect loci varies from phenotype to phenotype, it is always in the thousands. For Crohn's disease, 2,000 cases were sufficient to identify nine loci. For hypertension, 29,000 individuals were needed to detect ten loci.
And why such a low P-value? If you are used to working with P < 0.05 to get your paper published, P < 10 −8 does seem a little over the top. It's the consequence of testing hundreds of thousands of alternative hypotheses (hundreds of thousands of markers) and this is one reason why you'll need a big sample. Actually, it's not as bad as it sounds, requiring only about an eightfold increase in sample size compared to what you need for the 0.05 level.
Why does GWAS work?
The idea behind GWAS is that interrogating variation at a few hundred thousand positions is sufficient to capture the bulk of genetic variation. A remarkably small amount of sequence (relative to our genome's size of three gigabases) is sufficient, because our genomes have a relatively simple haplotypic structure, such that variants in close proximity are highly correlated, forming haplotype blocks. And if you are wondering why we have this particular haplotype structure, then the answer is because of human history: it is due to the exit of our ancestors from Africa about 100,000 years ago imposing a population bottleneck, and the subsequent enormous population expansion.
When doesn't GWAS work? Not all human populations have the same haplotype structure and in some cases this can frustrate GWAS success. For example, in Africa, haplotype blocks are on average smaller, so many more markers are needed to capture the majority of the population's common genetic variation. Standard GWAS approaches don't work so well there. A corollary of the recent human
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G-what? GWAS stands for 'genome wide association study', the favoured method for finding genetic variants that increase disease risk. In a GWAS, allele frequencies of common genetic variants are compared between cases (those affected by disease) and controls. Common variants are those with a minor allele frequency greater than about 5% (the frequency varies in different populations). GWASs are also used to find genetic variants that contribute to variation in quantitative traits that are not diseases, such as height or weight. For example, a GWAS of obesity looks for any variant whose genotypes are associated with different mean weights.
How do I carry out a GWAS?
Use the following simple four-step recipe: first, collect phenotypic information from thousands of individuals; second, extract DNA and genotype at least 500,000 single nucleotide polymorphisms (SNPs); third, call genotypes and detect association using one of a variety of (relatively) userfriendly software packages; fourth, sift through the results and identify at least one association signal with a P-value less than P < 10 −8 (Figure 1 ). Success is guaranteed if you work on a disease no one has published on before, or if you can find additional loci in an important disease, such as type 2 diabetes, obesity or Crohn's disease. For the latter, carry out your analysis in a novel ethnic group (East Asia is currently a favourite), or simply double the sample size of the last GWAS to increase power and thereby identify novel loci. Please note though that acronymed consortia -not people -write GWAS papers. GWAS authorship is turning into a field of study in its own right. One report counted 21,007 authorships for 604 GWAS. This is because the sample size needed for GWAS is so huge now, up to a quarter of a million people.
Why do I need such a large sample size? The reason for the large sample is that each genetic locus makes such a small contribution to disease susceptibility. The effect size is usually expressed as an odds ratio -if an Quick guide
